The concentration of ochratoxin A (OTA) in 120 commercial pepper (84 pre-packed and 36 bulk samples), which consist of local and imported white and black pepper in powder and seed form in Malaysia were determined. The objective of the study was to investigate and compare OTA concentration in black pepper and white pepper being commercialized in Malaysia. Determination method was based on HPLC with fluorescence detection coupled with immunoaffinity column clean-up step. Mobile phase consisted of acetonitrile-water-acetic acid (49.5: 49.5:1.0, v/v/v), and flow rate was 1 ml/min. The LOD was 0.02 ng/g, and the average recovery values of OTA ranged from 79.5 to 92.0% in black pepper and 81.2-90.3% in white pepper. A total of 57 samples (47.5%) were contaminated with OTA ranging from 0.15 to 13.58 ng/g. The results showed that there was a significant difference between type of pepper and brands. OTA concentration in black pepper was significantly higher than white pepper (p \ 0.05). The highest concentration of ochratoxin, 13.58 ng/g, was detected in a sample of black pepper seed followed by 12.64 ng/g in a sample of black pepper powder, both were bulk samples purchased from open market.
Introduction
Mycotoxins are secondary metabolites produced by certain fungi that can grow on foods such as cereals, nuts, dried fruits, spices, legumes and others under certain environmental conditions [1] . Ochratoxin A (OTA), is one of the most important mycotoxins with worldwide occurrence and toxicity, together with aflatoxins, fumonisins, trichothecenes and zearalenone [2] . OTA is mainly produced by some species of Aspergillus and Penicillium, particularly Aspergillus ochraceus, A. carbonarius, A. niger and Penicillium verrucosum [3] . The International Agency for Research on Cancer (IARC) has classified it as group 2B, a possible human carcinogen [4] . Toxicity of this mycotoxin has been approved in many animal species and probably related to the Balkan endemic nephropathy (BEN) [5] . Human exposure to OTA has been clearly demonstrated, by its detection in blood and breast milk [6] , human sera [7] and human urine [8] . OTA can be absorbed via the gastrointestinal tract after ingestion of contaminated food. There are some reports about food contamination in different parts of the world; in Europe, 57% of 6,476 food samples analyzed were found to be positive for OTA at concentrations above the detection limit of 0.01 ng/g [9] . In Tunis, 59.8% of 209 samples of different foodstuffs widely consumed by the Tunisian population were contaminated with aflatoxins, OTA and zearalenone. The results showed the predominant mycotoxin were OTA with a mean concentration of 3.5 ± 5.3 ng g -1 [10] . In Qatar, 106 samples of different food were analyzed for mycotoxins. OTA was found in 11 samples in the range of 0.20-4.91 lg/kg. The highest concentration of ochratoxin (4.91 lg/kg) was detected in chili powder [11] . The importance of OTA in human health impelled many countries to set maximum residue level (MRL) of OTA in different foods. European commission (EC) [12] has established an acceptable level of OTA for raw cereal grains (5 ng/g), cereal products (3 ng/g) and dried vine fruit (10 ng/g) and discussed the maximum limits for OTA in spices, green coffee, dried fruit other than dried vine fruit, beer, cocoa and cocoa products, liqueur wines, meat products, and liquorices. The EU Commission [13] proposed a limit of 10 ng/g OTA for spices based on data provided by the Member States. Malaysia has set the maximum mycotoxin concentration of 5 ng/g for some of the food, including spices [14] .
Black pepper and white pepper (Piper nigrum L.) are very important spices in Malaysia and throughout the world. Black pepper is the open-dried immature corn, while white pepper is prepared by removing the flesh and skin of the fully mature corn. It is used directly as a spice, or it can be used to produce derivatives such as oleoresin and oil, while white pepper is used exclusively as a spice. However, they are particularly a potent microbial pollution source and exposed to mold contamination for the food, to which they are added. Pepper can be a source of human contamination because they are usually consumed raw or added to ready to eat foods. Malaysia is one of the most important pepper producers in the world; however, due to humid and warm climatic conditions, it is possible that mycotoxin contamination of pepper occurs during harvesting, post harvesting and storage.
Fazekas et al. [15] have reported 32 of the 70 (45.7%) ground red pepper samples from Hungary contained OTA and eight of them (11.4%) were in a concentration exceeding the 10 ng/g. In another survey, out of 100 chili samples tested, 26 (26.0%) were found to contain over 10 ng/g of OA;12 samples were in the range from 10 to 30 ng/g, 10 samples from 30 to 50 ng/g, 3 samples from 50 to 100 ng/g and 1 sample was 120 ng/g [16] .
The most common method for determination of OTA in food uses reversed phase HPLC with fluorescence detector and using immunoaffinity columns (IACs) as a clean-up method. Immunoaffinity columns used for OTA are monoclonal antibodies which are being bonded to agarose beads to provide a selective extraction from interfering matrix components [17] . By forced passing the crude extract through the column, mycotoxins are left bound to the antibody. The analyte is eluted and extraneous material is washed off by water or aqueous buffer.
The objective of this study was to determine the contamination of OTA in black pepper and white pepper produced in Peninsular Malaysia and imported from other countries. Determination method was based on HPLC with fluorescence detection coupled with immunoaffinity column clean-up step. This is the first study of OTA in pepper samples in Malaysia.
Materials and Methods

Chemicals
HPLC grade acetonitrile, methanol, acetic acid and sodium chloride for analysis were obtained from Merck (Darmstadt, Germany). Phosphate-buffered saline (PBS) was prepared by adding the following to one liter of water: anhydrous dibasic sodium phosphate (2.04 g), sodium chloride (87.9 g), sodium dihydrogen phosphate monohydrate (12.62 g). One hundred milliliters of this solution was diluted to 1 l, and the pH was adjusted to 7.4 with sodium hydroxide. All of the chemicals used for PBS preparation were purchased from Merck (Darmstadt, Germany). OTA was supplied by Supelco (Bellefonte, USA). The immunoaffinity columns (OchraTest TM ; testing range from 0.25 to 100 ng/g), glass microfiber filter Whatman (11 cm, 934-AH) and fluted filter paper (24 cm) were purchased from Whatman (Whatman, Maidstone, Kent, UK). Decontamination of the glassware was performed by rinsing all glasswares with sodium hypochlorite solution followed by distilled water.
Apparatus and Chromatographic Conditions
A blender (Waring, Torrington, USA), a centrifuge (Sartorius AG, Goettingen, Germany) and a water purifier (Elga, Marlow, Buckinghamshire, UK) were applied. The HPLC apparatus (Waters 600, Milford Massachusetts, USA) consisted of Waters 600 controller high performance liquid chromatographic system equipped with a waters 600E pump, Waters 717 auto sampler and Waters in line degasser AF. A multi wavelength fluorescence detector (Waters 2475) operating at an excitation wavelength of 333 nm and an emission wavelength of 460 nm was applied. System was controlled by the Empower PDA software (Waters, Milford Massachusetts, USA). The HPLC system used mobile phase, which consisted of acetonitrile-water-acetic acid (49.5:49.5:1.0, v/v/v) and the flow rate of 1 ml/min. OTA was separated on a reversed phase C18 (5 lm, 25, 0.46 cm) Purospher star column from Merck (Darmstadt, Germany). The aqueous phase was filtered through a 0.45-lm nylon membrane filter (Whatman, Maidstone, Kent, UK). Volume of 50 ll of extract was injected into HPLC.
Standard Solutions
A stock standard solution (50 lg/ml) of OTA in benzene-acetic acid (99:1, v/v) was purchased from Supelco (Bellefonte, USA). Working standard solution (1.0 lg/ml) of OTA was prepared by evaporating required amount of the stock solution under nitrogen steam and dissolving in methanol-water (50:50, v/v). This solution was kept in an amber vial and stored at -20°C to prevent OTA degradation under UV light. OTA calibration standard curve for HPLC determination were prepared by dissolving appropriate amount of working standard in methanol-water (50:50, v/v) to obtain final concentration.
Sampling
A total of 120 pepper samples, which include four types of pepper, 10 brands/location and three different dates of collection were used in the study. The four types of samples were black pepper powder (BPP), black pepper seed (BPS), white pepper powder (WPP) and white seed pepper (WPS). Each type of pepper constituted of seven brands (prepacked from supermarkets) and three open markets (bulk) samples, and all these samples were purchased 3 times each, during October to December 2008. Two brands were imported from Singapore to Australia. Samples (about 500 g each) were purchased from supermarkets (from commercially available size of 50-100 g each) and open markets (sold by weight), which were located in the city of Kuala Lumpur, Putrajaya and the state of Selangor areas. Two hundred gram samples were then taken after sampling using quartering techniques and used for the analysis. Samples were transported to the laboratory under ambient temperature and analyzed as soon as possible after collection, otherwise kept in polyethylene bag and stored at -20°C until used for analysis.
Sample Preparation and Analysis
They were analyzed for OTA using HPLC-fluorescence detector (FD) according to the method applied by Abdulkadar (11) with some modifications. The seed samples (200 g) were ground using a blender. One hundred milliliters of methanol-water (80:20, v/v) was added to 25 g of ground sample and 2.5 g of sodium chloride. The mixture was blended for 3 min in Waring blender before the extract was filtered by gravity through a Whatman fluted filter paper and then centrifuged at 10,000 rpm for 10 min at 4°C. Ten milliliters of the filtrate was diluted with 40 ml of PBS then filtered once more through a glass microfiber filter 934-AH Whatman. Volume of 10 ml of this filtrate was passed through an immunoaffinity column Ochratest TM containing immobilized monoclonal antibodies against OTA. After washing the column with 10 ml of PBS and 10 ml of water, OTA was eluted with 1.5 ml of methanol (1 drops/s). The elute was evaporated to dryness under dry nitrogen stream and dissolved in 500 ll methanol/water (50:50, v/v). Volume of 50 ll was injected into HPLC.
Method Validation and Quality Assurance
A seven-point calibration curve was constructed with concentrations of 0.05, 0.1, 0.5, 1, 2, 5, 10 ng/ml. Calibration curve was obtained using the linear least squares regression procedure of the peak area versus the concentration. The limits of detection (LOD) and of quantitation (LOQ) were determined by using the signal-to-noise approach, defined as that concentration resulting in a signal-to-noise ratio of approximately 3:1 and 10:1 for LOD and LOQ, respectively. With regard to the accuracy of the method applied and because there was not certified reference material (CRM) available, seven replications of three different volumes of standard working (12.5, 125 and 250 ll) were spiked to 25 g blank matrix of black and white pepper powder, which corresponding to 0.5, 5 and 10 ng/g, respectively. Recovery and standard deviation (SD) were calculated and the results are shown in Table 1 . Repeatability was estimated with the relative standard deviation for repeatability (RSD r ). It was compared to the reference value specified in Decision 2006/401/EC [18] , which is 0.66 times of the value derived from the Horwitz equation (RSD = 2
(1-0.5logC) ).
To determine the reproducibility, six subsamples (25 g) of black pepper and white pepper in six different days of the month were spiked with 50 ll standard working, corresponding to 2 ng/g of OTA.
The reproducibility was estimated through calculation of relative standard deviation for reproducibility (RSD R ). RSD R values also were compared to the values derived from the Horwitz equation, given as the reference value in Decision 2006/401/EC [18] .
OTA Confirmation Procedure
Confirmation of OTA was carried out by methyl ester formation using the method described by Zimmerli and Dick [19] . Briefly, 2.5 ml methanol and 0.1 ml concentrated HCl were added to 200 ll of the extract. The solution was left standing overnight at room temperature. Then the methanol was evaporated by using stream of nitrogen and the residue was dissolved in 200 ll methanol-formic acid 0.1 M (70:30, v/v). The HPLC analysis was the same used for OTA determination.
Statistical Analysis
The descriptive statistics (mean, standard deviation, range, maximum and median) and two-way analysis of variance (ANOVA) were carried out using Minitab (Version 13.2, PA., State College, USA). A probability value of 0.05 was used to determine the statistical significance.
Results and Discussion
Method Validation and Quality Assurance
The linearity of the working standard solutions at three determinations of seven concentration levels and two replications was good as shown by R squared (R 2 ) which was 0.9996. The LOD and LOQ were 0.02 and 0.06, respectively. The values obtained for LOD and LOQ were comparable with the previous results. Liazid et al. [20] reported 0.03 and 0.1 for LOD and LOQ, respectively. To assess the method's specificity, three reagents and three clean matrices of both white pepper and black pepper were prepared and injected into the HPLC. No appreciable signal at the retention time of OTA was observed when three reagents and three clean matrices of both white pepper and black pepper were analyzed by HPLC. Average recoveries and the repeatability expressed with the relative standard deviation (RSD r ) for the different three spiking levels are shown in Table 1 .
The within-days reproducibility expressed with relative standard deviation (RSD R ) was found to be 20.2 and 18.9% for black pepper and white pepper, respectively. The values obtained for RSD R were less than Horwitz value which is equal to 29 at the concentration of 2 ng/g [18] . The obtained values for recovery, RSD r and RSD R were in agreement with the European Commission regulation EC directives [18] . A total of 50 out of 57 positive samples (87.7%) were confirmed by OTA methyl ester formation, which did not produce false positive results. The resulting OTA methyl ester (OTA-Me) has different retention time when compared to OTA; this allows the confirmation of OTA identified by an almost complete disappearance of the first OTA peak and the presence of a new one.
OTA Concentration in Real Sample
A total of 120 samples of black pepper and white pepper marketed at different locations of Malaysia, including those imported from Australia to Singapore were examined for OTA by HPLC. Overall, 57 samples (47.5%) were contaminated with OTA ranging from 0.15 to 13.58 ng/g. OTA contamination was detected in all types of pepper samples: BPP, BPS, WPP and WPS. The mean, median and maximum of OTA concentrations are listed in Table 2 The statistical analysis showed that there was significant difference (P \ 0.05) between different types of pepper samples in the concentration of OTA (Table 3) . Incidence of OTA contamination in black pepper in both powder and seed form (BPP and BPS) was significantly more (P \ 0.05) than white pepper in both forms (WPP and WPS). However, there was no significant difference (P [ 0.05) between seed and powder form of each type of pepper. BPP showed the highest mean of total OTA concentration (2.167 ± 3.52 ng/g) followed by BPS (2.07 ± 3.61 ng/g), and the lowest mean concentration was found in WPS (0.34 ± 0.62 ng/g) followed by WPP (0.61 ± 1.18 ng/g). This difference may be related to the effect of process. Black pepper and white pepper is usually produced by the same plant; white pepper is produced from peppercorn after shell removal, which is one of the physical methods for mycotoxin reduction.
There were few surveys of ochratoxin contamination in black pepper and white pepper available in the Table 4 . These results of the OTA concentrations shown in Table 4 are different with those obtained in our study, which could be due to differences in temperature and humidity conditions. Samples of different brands and open market were also analyzed. Statistical analysis showed significant differences (P \ 0.05) between different brand and among samples purchased from different open market. The differences in OTA concentration between the same products of different brands are worth investigating, as they may yield insight into methods for producing products with lower OTA concentrations. This type of data may also provide useful information for consumers to choose the brands with lower OTA. Consequently, the information may give an incentive for the industry to decrease the OTA concentrations in their products.
The percentage of positive samples, mean, standard deviation, range and median of OTA concentrations for domestic, imported and samples obtained from market is shown in Table 5 . Samples purchased from open market showed the highest contamination in which 12 out of 36 samples (33.3%) of open market were contaminated with OTA at the concentration level higher than the maximum level of total OTA (5 ng/g) permitted by MOH [14] . It seems that pepper can be contaminated by OTA in suitable conditions at which mold growth and mycotoxins production can occur such as poor sanitation condition, and warm and humid environment. Products sold at open market are usually stored or displayed in large quantities at improper conditions, exposure to dust and environmental pollution for a period of between 1 and 6 months. These improper conditions can increase molds growth and increase mycotoxins production [22, 23] .
OTA concentration of all contaminated pre-packed samples from different domestic or imported brands was below 5 ng/g; this indicates that the products have been produced according to good manufacturing practice during handling, manufacturing, packaging and storage. Growth of molds and mycotoxin production may be limited by storage in proper environmental condition, proper drying method and also applying suitable methods to eliminate microorganisms such as sterilization and irradiation. Furthermore, because ochratoxin producer molds are field fungal, which will increase the mycotoxins contamination during growth and harvesting of pepper, it can be suggested that good agricultural practices (GAP) steps should be taken during the growing and harvesting of spices handling and storage to minimize the potential for contamination risk. A specific training should also be conducted to increase the understanding of critical control point by the persons who are relevant to food chain; i.e., farmers, food handler, food workers and traders to ensure that ochratoxin in food are kept as low as is technologically possible. Food manufacturers and ingredient importers also must be vigilant to ensure that their supplies comply with the requirements of domestic and international legislation. Market survey should be performed more frequently in order to monitor the level of ochratoxin and to carry out corrective actions, if necessary.
Conclusion
A survey of the four different types of pepper from Peninsular Malaysia was performed for determining the OTA contents in these products. The results showed that there was significant difference between type and brand of the analyzed samples. The highest mean concentration of OTA was detected in the black pepper powder (BPP) (P \ 0.05).
The present study found that out of 120 samples, 47.5% of samples were contaminated, and 33.3% of these samples contained more than 5 ng/g OTA, the maximum limit set by Malaysian regulation [14] . However, satisfactory concentrations of OTA were found in pre-packed samples. It is essential to continue regular monitoring for ochratoxin in pepper to shield consumer health.
